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(54) PHOTOSENSITIVE COMPOSITIONS AND ELEMENTS 

(71) We, E. I. DU PONT DE tend ta cold flow due to high monomer con- 

NEMOURS AND COMPANY, a Corpora- eventrations needed and do not have the de- 50 

tion organised and existing under the laws of arable features of vulcanized rubber without 

the State of Delaware, United States of reducing solvent solubility as well. Further- 

5 America, located at Wilmington, State of more, such compositions and elements often 

Delaware, United States of America, do must be solvent coated thus reducing the 

hereby declare the invention for which we effective use of the elements. 55 

pray that a patent may be granted to us, and The above disadvantages are overcome by 

the method by which fit is to be performed, an improved photosensitive, dastomeric com- 

10 to be particularly described in and by the position comprising 

following statement:— (1) at least 30% by weight of at least one 

This invention relates to photosensitive thermoplastic, elastomenc block copolymer ou 
elastomeric compositions and flexographic containing at least two thermoplastBC, non- 
printing elements. elastomeric polymer blocks having a glass 
15 Flexographic printing reliefs which are use- transition temperature -above 25° C and bc- 
fui for letterpress printing of packaging tween the thermoplastic, non- elastomeric poly- 
materials, e.g., cardboard, plastic films, are mer blocks an elastomeric polymer block 05 
conventionally prepared by a laborious pro- having a glass transition temperature below 
cedure involving art work, photographic 10°C, 
20 negative, photoengraving, formation of a (2) at least 1% by weight of an addition- 
phenolic matrix, and hot press molding of a polymerizable, ethylenicaliy unsaturated com- 
rubber plate. Printing reliefs with resilient pound containing at least one terminal erthy- n 
surfaces can be prepared directly from photo- lenic group, which compound is compatible 
sensitive compositions as exemplified m U.S. with the copolymer (1), and 
25 Patents 3,024,180 and 2,948,611. In the pro- (3) a polymerization-effective amount of 
cesses described in these patents, printing polymerization initiator aotivatable by actinic 
reliefs having characters of uniform printing radiation. ^ % 
heights are produced by exposing t» actinic The photosensitive compositors of this in- 
light through an image-bearing transparency vention have the advantage that they possess 
30 negative or positive) a layer comprising an certain mechanical properties similar to those 
additioD-polymerizablc ethylenicaliy unsaturah of conventional reinforced rubber vulcanizates, 
ted compound or mixture of compounds, a such as high tensile strength and rapid return w 
solvent-soluble elastomeric binder, and having from high extension, as well as certain pro- 
dispersed therethrough an addition-polymeri- perties of conventional thermoplastics, .such 
35 zation initiator activatable by said actinic as reversible transition tw a melt witha 
light, and being superposed on and adherent moderate increase in temperature. Such novel 
to a suitable support, eg., a metal plate or features allow the easy preparation and mam- » 
foil, until addition polymerization, i.e., in- pulation of the photosensitive composition 
solubilization of the composition occurs in the into useful elements comprising a support 
40 exposed areas. Removal of the layer in the non- bearing a layer of the photosensitive compo- 
exposed areas, e.g., by treatment with a suit- sition without affecting solubility in process- 
able solvent in which the polymerized com- ing solvents. Furthermore, when elements of » 
position in the exposed areas is insoluble, this invention are imagewEsc exposed to ac- 
leaves a printing relief of the line or halftone tinic radiation, the exposed areas become in- 
45 image of the transparency suitable for letter- soluble and result in tough, shaped, elasto- 
press work. Frequently, however, these print- meric reliefs with subsequent solvent ^removal 
ing reliefs are not as elastomeric as the molded of unexposed portions of the composition. i 
rubber olates. Also the photosensitive elements This invention provides photosensitive 
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elements for producing flexograpWc letter- 
press printing plates of uniform printing 
. height from relatively inexpensive materials 
and- with a. marked reduction in labor require- 

5 ments. over the conventional procedure. Both 
the relief and printed images obtained show 
fidelity to the original transparency both in 
small details and in overall dimensions even 
when the element is imagewise exposed on a 

10 cylindrical support. The printing reliefs have 
the advantage that they have mechanical pro- 
perties similar to conventional reinforced 
rubber vulcanizates and do not become per- 
manently deformed in normal use. The reliefs 

15 have high impact strength and are not brittle 
but are tough and abrasion-resistant and have 
unusually long press wear using conventional 
alcohol & water based inks. Hardness of the 
reliefs can be easily changed by varying com- 

20 ponent concentrations. 

Preferred block copolymers useful in this 
invention have at least one unit of the general 
formula, A — B — A, wherein each A is an in- 
dependently selected non-elastomeric polymer 

25 block having an average molecular weight of 
2000 — 100,000 and a glass transition tem- 
perature above 25°C and B is an elastomeric 
polymer block having an average molecular 
weight between 25,000 and 1,000,000 and a 

30 glass transition temperature below 10°G. The 
non-elastoroeric blocks. A, having between 
them an elastomeric block, B, (together com- 
prise the unit A — B — A which represents the 
copolymers uniquely suitable for use m com- 

35 bination with the photopolymerizable com- 
ponents in the compositions of the mvenrion. 
This unit may comprise the entire general 
formula of the copolymer; it/may be appended 
to another polymer chain; or it may be re- 

40 peating. It is, of course, possible to vary the 
precise nature of the unit within the scope 
of the invention, e.g., by using two different 
non-elastomeric terminal Mocks, A, or by 
creating block or graft polymeric substitutions 

45 in blocks A and B. Preferably, the elastomeric 
mid-section blocks, B, are polymers of ali- 
phatic conjugated diolenns while the non- 
elastomeric blocks, A, are those formed by 
polymerizing alkenyl aromatic hydrocarbons, 

50 preferably vinyl substituted aromatic hydro- 
carbons and still more preferably vinyl mono- 
cyclic aromatic hydrocarbons. Particularly 
preferred species of the subject copolymers 
comprise block copolymers of polystyrene 

55 terminal groups connected! by a mid-section of 
polyisoprene or polybutadiene, e.g., poly- 
styrcnc-polyisoprene-p^ystyrene or poly- 
styrene-poiybumdiene-polystyrene, the poly- 
diene block being 70 to 90% by weight of 

60 the block copolymer. Other typical block co- 
polymers useful in this invention are poly- 
styren e-polybutadiene-polysryrene and! poly- 
styrene-polyi soprene-polystyrene block co- 
polymers which have been hydrogenated 

65 according to the teachings of Jones, U.S. P.* 



3,431,323 and Hefele et al., U.S.P. 3,333,024. 
The hydrogenated block copolymers have the 
additional advantage of improved thermal and 
oxidative resistance. However, some residual 
unsaturation in hydrogenated block copoly- 70 
mers is desirable, since only very small con- 
centrations of monomer are then needed in 
the photosensitive compositions to reduce 
solvent solubility upon, exposure to actinic 
radiation. Still other typical block-copolymers 75 
useful in this invention are those wherein the 
terminal blocks are podyalkyl styrenes, e.g., 
poIy(« - methyl styrene) - polyisoprene - poly- 
(a - methyl styrene), and those composed of a 
plurality of polymer blocks, e.g., polyisoprene- 80 
polystyrene - porybutttdiene - polysryrene- 
polyisoprene. 

Among useful adidiuon-poiymerization 
ethylenicaily unsaturated; compounds (2) which 
form compatible mixtures with the aforesaid 85 
thermoplastic, elastomeric block copolymers 
are: 

t - butyl acrylate 

N,N - diemylaminoethyl acrylate 

1,4 - butanediol diacryla/te 90 

hexamerhylene glycol diacrylate 

decamethyiene glycol diacrylate 

2,2 - dimethylol propane diacrylate 

tripropylene glycol diacryiate 

trimethylol propane triacrylate 95 

2,2 - di(p - hydroxyphenyi) 1 propane 

diacrylate 
2jZ - di (p - hydroxyphenyl) - propane 

dimethacrylate 
polyoxycthyl - 2,2 - di(p - hydroxyphenyl)- 100 

propane dimethacrylate 
polyoxypropylcrimethylol propane 

triacrylate (having a molecular weight 

of 462) 

1,4 - butanediol dimethacrylate 105 
hexamethylene glycol dimethacrylate 

2.2.4 - trimethyi - 1,3 - pentanediol 
dimefdiacrylate 

1 - phenyl ethylene - 1,2 - dimethacrylate 
trdmethyloi propane trimethacrylate 110 
daallyl fumarate 
styrene 

1,4 - dh'sopropenyl benzene 

1.3.5 - triisopropenyi benzene 

The ethylenicaily unsaturated compound 115 
(2) preferably has a boiling point at normal 
pressure over 100°C. 

The photosensitive compositions of this 
invention essentially do not scatter the actinic 
radiation when in the form of thin layers, eg. 120 
0.0005 to 0.250 inches. In order to secure an 
essentially transparent mixture, i.e. a non- 
Kght-scattering mixture, the thermoplastic- 
elastomeric block copolymer component should 
be compatible with and preferably soluble in, 125 
the ethylenic component when used within 
the weight ratio range of 99 : 1 to 1 : 1 where- 
in the ratio is the weight of block copolymer 
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used to the weight of addition-polymerizablc, 
ethylenically unsaturated compound usad. 

By compatibility is meant the ability of two 
or more constituents to remain dispersed wfth 

5 one another' without causing appreciable 
scattering of actinic radiation. Compatibility 
is often limited by the relative proportions 
of the constituents and incompatibility is 
evidenced by formation of haze in the photo- 

10 sensitive composition. Some- slight hire of 
layers coated ox " extiuded from such com- 
positions before or during exposure can be 
tolerated in the preparation of printing reliefs 
therefrom but when fine tifctail is desired, haze 

15 is preferably avoided. The amount of mono- 
mer, or any other constituent, used is there- 
fore limited to those compatible concentrations 
below that which produces undesired. Light 
scatter or haze. The above compatible 

20 ethylenically unsaturated- compounds form 
high-molecular weight addition: polymers 
readily by photoinitiaited' addition polymeriza- 
tion in the presence of an addition polymeriza- 
tion initiator. Of course, the initiator absorbs 

25 sufficient radiant energy to initiate polymeriza- 
tion or crosaHnking. 

Practically any initiator of addition poly- 
merization which is capable of mitiartihg poly- 
merzation under the influence of actinic 

30 radiation can be used in the photosensitive 
compositions of this invention. Because trans- 
parencies transmit heat originating ^ from con- 
ventional sources of actinic radiation and: 
since the photosensitive compositions may be 

35 usually prepared under conditions resulting in 
elevated temperatures, the preferred initiators 
are inactive thermally below 85 °C. and more 
preferably below 185°C. They should! be dis* 
persible in the composition to the extent 

40 necessary for initiating the desired polymeri- 
zation of crosslinking under the mfluence of 
the amount of radiation absorbed in relatively 
short term exposures. These initiators are use- 
ful in amounts from 0001 to 10.0% by 

45 weight, and preferably from 0.01% t» 5% 
based on the weight of the photosensitive com- - 
position. 

Suitable photopolymerizairion initiators in- 
clude vicinal diketoney, eg., doacetyi, benzif, 

50 «-pyridil; acyloln^ e.g., benzoin, piva$oin> «- 
pyridoin; acyloin ethers, eg., benzoin methyl! 
and ethyl ethers; alpha-hydroc^bon^bstitu-- 
ted aromatic acyloins, eg. } a methyl ben- 
zoin, a - t - butyl benzoin, acyloin esters, e,g., 

55 benzoin acetate, and a - aHyt benzoin; sub- 
stituted and unsubstituted qumones having two 
intracyclic carbonyl groups attached to intra- 
cyclic carbon atoms in a conjugated six mem- 
ber carbocyclic ring there being at least one 

60 aromatic carbocyclic ring fused to the ring 
containing the carbonyl groups, eg., ethyi- 
anthraquinone, benzanthraquinone^ arid ben- 
zophenone and 4,4' - biis(ldimethyIarnino) 
benzophenone. Initiators can be used 

65 separately or in conjunction with other co- 



initiamrs, eg., ethylanthraquinone with 4,4'- 
bis(6Umc^ylainmo)bcnzophenone and benzoin 
methyl ether with txiphenyl phosphine. Also 
useful in aspects of this invention are initiaw 
tors and initiator systems disclosed in U.S.P.'s 70 
3,479,185, 3,549,367, and 3,558,322 and 
Belgian Patent 759,041. 

The photosensitive compositions may also 
contain a small amount of thermal addition 
polymerization inhibitor, e,g., 0.001% to 75 
2.0% based on the weight of the photosensi- 
tive composition. Suitable inhibitors that can 
be used in addition to the preferred 2,6 - di- 
tert - butyl - 4 - methylphenol and p- 
methoxyphenol include hydroquinone, and 80 
alkyi and aiyl - substituted hydroquinones, 
cert - butyl - pyrocatechod; pyrogallal, beta- 
napthol, 2,6 - di - tert - butyl - p - cresol, 
pheuothiazine, pyridine, nitrobenzene and 
dmitrobenzene. Other useful! inhibitors in- 85 
elude p - toluquinone, chloranil and thiazine 
dyes, eg., Thionihe Blue G (CI 520(25), 
Methylene Blue B (CI 52015) and Toiuidine 
Blue (CI 52040). Such compositions can be 
photopolymerized or pfotocrosslmked with- 90 
out removal of the inhibitor. 

The photosensitive elements of this inven- 
tion can be made by solvent casting or by ex- 
truding, calendering or pressing at an elevated 
temperature of the photosensitive composition 95 
into the form of a layer on a suitable casting 
wheel, belt or platen as a self supporting sheet. 
The layer or sheet may be lammatsd to the 
surface of a suitable permanent support or, 
if necessary, it may be affixed by means of a 100 
suitable adhesive, or the solution may be 
coated directly onto a suitable support. The 
photosensitive elements may have antmalation 
material beneath the photosensitive layer. For 
instance, the support may contain an anti- 105 
halation material or have a layer or stratum 
of such material on its surface. The elements 
may be made in the various manners des- 
cribed in U.S. Patents 2,760,863, 2,791,504 
and 3,024,180. The plwlosensitive layer itself 110 
can serve as the light absorption layer, eg., 
when dyes or pigments are included in the 
photosensitive composition or when the layer 
is sufficiently thick. 

Suitable base or support materials include 115 
metals, eg., steel and aluminum plates, sheets 
and foils, and films or plates composed of 
various fum-forming synthetic resins or high 
polymers, such as the addition polymers and 
in particular vinyiidene chloride copolymers 120 
with vinyl 1 chloride, vinyl acetate, styrene, 
isobutylene and acr^onitrile; vinyl chloride 
homopolymers and copolymers with vinyl 
.acetate, styrene, isobutylene and acryionitrile; 
linear condensation' polymers such as poly- 125 
esters, eg., polyethylene terephthalate, poly- 
amides, eg., polyhcxametitylenesebacamidjc; 
polyimides, e.g., films as disclosed in U.S.P. 
3,179,634 and polyester amides, eg., poly- 
hexamethylene-axlipamldc adipate. Fillers or 130 
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reinforcing agents can be present in the syn- 
thetic resin or polymer bases such as the 
various fibers (synthetic, modified, or natural), 
e.g., cellulosic fibers, for instance, cotton, 

5 cellulose acetate, viscose rayon, paper; glass 
wool; nylon and polyethylene terephthalate. 
These reinforced bases may . be • used hi 
laminated form. Various anchor layers dis- 
closed in U.S. 2,760,863 can be used ta give 

10 strong adherence between the support and the 
photosensitive layer or, in the case of a 
transparent support, pre-exposure through 
the support to actinic radiation may be useful. 
The adhesive compositions disclosed in U.S. P. 

15 3,036,913 are also effective. 

Printing reliefs can be made in accordance 
with this invention by exposing to actinic 
radiation selected portions of a photosensitive 
layer of an element described above, for ex- 

20 nmple, through an image-bearing cransparency 
or stencil having areas essentially transparent 
to actinic radiation and of substantially uni- 
form optical density and areas opaque to 
actinic radiation and of substantially uniform 

25 optical density until substantial aldDdition- 
polymerization or photocrossiinkhig takes 
place, i.e., the radiation-exposed portions of 
die layer are converted to the insoluble state 
with no significant polymerization or cross- 

30 linking taking place in the unexposed portions 
or areas of the layer, and removing unexposed 
portions of the layer by means of a solvent, 
for the thermoplastic-elastomeric block co- 
polymer. During the addition-polymerization 

35 or crosslinking, ^solubilization occurs and the 
thermoplastic-elastomeric block copolymer/ 
ethylenically unsaturated compound composi- 
tion is converted to the insoluble state. 
The thickness of the photosensitive layer 

40 is a direct function of the thickness desired m 
the relief image and this wilt depend on the 
subject being reproduced and die ultimate use 
of the relief, e.g., thick soft reliefs are useful 
for flexographic printing and thin hard reliefs 

45 are useful for piano-graphic printing. In 
general, the thidoiess of the polymerizable 
layer will vary from 0.0005 to 0.250 inches or 
more and layers within this range of thickness 
will be used for the majority of the printing 

50 plates. 

The photosensitive layers may also, if de- 
sired, include compatible piasticizers, other 
unsaturated) compounds and polymers. Such 
agents, preferably superior solvents for the 

55 thermoplastic-elastomeric polymer, may be 
used to improve the rate or extent of insoiu- 
bilization throughout the photosensitive layer, 
to facilitate the removal of the unexposed 
areas, and to aid the manufacture of the layers. 

60 Useful materials are hydrocarbon oils, e.g., 
naphthenic and paraffimc oils; polymers and 
resins, e.g., polystyrene, a-methyl styrene- 
vinyl toluene copolymers!, pentaerythritol 
ester of hydrogenated rosin, polyterpene resins, 

65 ester resins, polyethylene, poly-a-methyi 



styrene, and polyacrytates; and stearic acid. 

The photosensitive layers can also contain : 
immiscible polymeric or non-polymeric or- 
ganic or inorganic fillers or rehiforcing agents 
which do not scatter actinic radiation, eg. 70 
polystyrene, the organophilic silicas, ben- 
tonites, silica, powdered gBass, zinc stearate, 
zinc . oxide having a particle size less (than 
0.0001. inch and in amounts varying with the 
desired properties of the photosensitive layer. 75 
The fillers preferably are essentially trans- 
parent. Compositions may also contain dyes- 
(e.g., indigo) for identification or aesthetic 
purposes, provided they do not strongly ab- 
sorb actinic radiation and do not. interfere 80 
with the addition polymerization reaction- 
Resistance of photosensitive elements of 
this invention and printing reliefs made there- 
from to oxygen and ozone attack can be mi- 
proved by incorporating in the photosensitive 85 
composition a suitable amount of compatible 
well known antioxidants and/or antiozonants. 
Antioxidants useful in this invention include: 
alkylated phenols, e.g., 2,6 - di - tert - butyl- 
4 - methyl phenol; alkylated bis - phenols, 90 
e.g., 2,2 - methylene - bis - (4 - methyl - 6- 
tert - butyl phenol); 1,3,5 - trimethyl - 2,4,6* 
tris(3,5 - di - tert - butyl - 4 - hydroxylbenzyl) 
benzene; 2 - (4 - hydroxy - 3,5 - tert - butyl 
anilino) - 4,6 - bis - (n - octylthio) - 1,3,5- 95 
triazine; polymerized trimethyl dihydro- 
quinone; zinc dibutyl dithiocarbarnate and 
dilaurylthiodipropionate. Antiozonants useful 
in this invention include: micro crystalline 
wax and paraffin wax; dibutyl thiourea; 100 
1,1,33 - tetramethyl - 2 - thiourea; Antiozo)- 
nant AFD, a product of Nafron Co.; nor- 
bomenes, e.g. d i - 5 - norbomcne - 2 - methyl 
adipate, di - 5 - norbornene - 2 - methyl - 
maleate, di - 5 - norbornene - 2 - methyl 105 
terepbthalate; Ozone Protector 80, a product - 
of Reichhold Chemical Co.; N - phenyl - 2- 
naphthylamine; unsaturated vegetable oils, 
e.g. rapeseed oil, linseed oil, safflower oil; 
polymers and. resins, ag. ethylene vinyl 110 
acetate copolymer resin, cMorinated poly- 
ethylene, chlorosulfonated polyethylene, 
chlorinated polyethylene, cMorosulfcKiated 
polyethylene, chlorinated ethylene meth- 
acrylic add copolymer, polyurethanesj poly- 115 
pentadienes, polybutadiene, furfural derived 
resins, ethylene, propylene diene rubber, di- 
ethylene glycol ester of rosin, and <* - methyl 
styrene - vinyl toluene copolymer. Ozone re- 
sistance of the printing relief produced can- 120 
also be improved by annealing it at etevaited 
temperatures prior to use. 

The photosensitive . compositions are, in 
general, solids. They are also, frequently,, de- 
pending on their composition^ somewhat 125 
tacky on the surface. This latter property is 
of advantage in that compositions adhere of 
themselves to a support being used and do 
not usually require rhe application of an ad- 
hesive to retain them on the support, both 130 
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during photo-exposure and development 
steps and during subsequent use of the in- 
solubilised material as a printing plate. The 
elements of the invention, may be provided) 

5 with a transparent flexible cover sheet such as 
a than film of polystyrene, polyethylene, poly- 
propylene, polyethylene terephthalate or other 
strippable material; on the side of the photo- 
sensitive layer remote from, the support to 

10 prevent contamination of or damage to the 
photosensitive layer during storage or mani- 
pulation. The elements may also be provided 
with a thin, hard, flexible, solvent-soluble 
layer, such as a flexible, polymeric film or 

15 layer, e.g. of a polyamide or a copolymer of 
ethylene and vinyl acetate, or the known type 
of mold-release agents, e.g. certain commer- 
cially available silicones, which is interposed 
between the cover sheet, when present, and 

20 the upper surface of the photosensitive layer 
when it is desired to protect for reuse an 
image-bearing negative or transparency super- 
posed thereon or to improve contact or align- 
ment with the photosensitive surface. If de- 

25 sired, the photosensitive element can also 
have on the reverse surface of the support 
a pressure-sensitive adhesive layer provided 
with a protective strippable layer. Upon re- 
moval of the latter the element can be pro- 

30 ccssed onto or otherwise adhered to a per- 
manent support, e.g. a printing block or metal 
plate. 

The photosensitive compositions of this in- 
vention can be prepared in many ways by 

35 mixing the three essential constituents 
specified above, i.e., (A) the thermoptesric- 
eiastomeric block copolymer compounds (B) 
the compatible additic^polymerizable, ethy- 
lenically unsaturated compound containing at 

40 least one terminal ethyienic group, and^ (Q 
an addition-polymerization initiator activat- 
able by actinic radiation. For example, flow- 
able or extrudable compositions can be made 
by mixing them and other desired) adjuvants in 

45 any order and, if desired, with the aid of a 
.solvent, e.g. chlorinated hydrocarbons., e.g. 
chloroform, carbon tetrachloride, trichlor- 
ethylene and chlofrotoluene; ketones, e.g., 
methyl ethyl ketone, diethyl ketone and! 

50 methyl isobutyl ketone; aromatic hydrocar- 
bons, e.g. benzene, toluene and xylene; and 
tetrahydrofuran. The above solvents can con- 
tain as diluents small: amounts of acetone, 
lower molecular weight alcohols, e.g. methyl, 

55 ethyl, propyl; aliphatic hydrocarbons such as 
petroleum ether and solvent naphtha; and 
esters, e.g. methyl, ethyl and butyl acetate. 
The solvent can be removed later by heating 
the admixture or extruded layer. 

60 Conventional milling, mixing, andi solution 
techniques can be used in making the corn- 
positions, the particular technique varying with 
the differences in properties of the respective 
components. The homogeneous, essentially 
65 non-light scattering compositions are formed 



into sheers in any desired manner. For ex- 
ample, solvent-casting, hot pressing, calender- 
ing, or extrusion are suitable methods for pre- 
paring layers of the desired t h i c k ne ss. 

Actinic radiation from any source and of 70 
any type can be used in the photopolymerisa- 
tion process. The radiation, may emanate from 
point sources or be in the foam of parallel 
rays or divergent beams. By using a broad 
radiation source, relatively dbose to the image- 75 
bearing transparency, the radiation passing 
through the clear areas of the trar^arency 
enters as divergent beams and thus irradiates 
a continually diverging area in the photo- 
polymerizabie layer underneath the clear par- 80 
dons of the transparency, resulting in a poly- 
meric relief having its greatest width at the 
bottom of the photopolymerized layer, i.e., 
a frustum, the top surface of the relief being 
the dimensions of the dear area. Inasmuch 85 
as the addition-polymerization initiators 
activatable by actinic radiation generally ex- 
hibit their maximum sensitivity in the ultra- 
violet range, the radiation source should 
furnish an effective amount of this radiation, 90 
Such sources include carbon arcs, mercury- 
vapor lamps, fluorescent lamps with special 
ultmviolet-Mght-entitting phosphors, argon 
glow lamps, and photographic flood lamps. 
Of these, tie mercuiy-vapoT lamps, particu- 95 
larly the sun-lamp or "black light" type, and 
the fluorescent sun lamps, are most suitable. 

When highly reflective supports are used, 
oblique rays passing through clear areas in 
the imftge-bcaring transparency will strike the 100 
surface of the base at an angle other than 
90° and after reflecton will cause polymeriza- 
tion in the non-image areas. This disadvantage 
can be overcome when the photosensitive 
layer is on a radi ation-refl ecti ve support by 105 
an intervening stratum sufficiently absorptive 
of actinic radiation so that less than 35% of 
the incident radSarrion is reflected The layer 
absorptive of reflected radiation or non- 
radiation scattering layer, or antihalamon 110 
layer, can be made by chspersing a finely- 
divided dye or pigment which substantially 
absorbs actinic radiation in a solution or 
aqueous dispersion of a resin or polymer which 
is adherent to both the support and the photo- 115 
insolubiiized image and coating it on the 
support to form an anchor layer which is 
dried. Suitable antihalacoon pigments include 
carbon black, manganese dioxide, dyes, e.g., 
Acid Blue Black (CI 20470) and Acid 120 
Magenta O (CI 42685). A dyed metal plate 
is also useful. 

The antihalation layer intermediate be- 
tween the photosensitive layer and the rein- 
forcing support when used must have ade- 125 
quate adhesion to the remfordng support and 
the photosensitive layer and not react with 
the radiation-absorptive materiaL Suitable 

polymeric or resin carriers for the radiation- 

absorptive dyes or pigments which can be 130 
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used include polymers of .vinyl compounds, 
&g., .polyvinyl chloride ; homopaJyiners, . and 
copolymers, eg., vinyl chloride with vinyl 
acetate, diethyl fumarate or ethyl acrylate. 

5 Copolymers of acrylic audi methacrylic add 
may also- be used. 

The solvent liquid used: for washing ox 
"developing" the plates made from the photo- 
• sensitive compositions -of - thus invention should 

10 have good -.solvent action on the thermoplastic 
elastomeric block copoiymer/exhyleruc mom*- 
mer composition and litde .action on the.dn- 
solubilized image or upon the support 
material, anti halation layer, or .anchor layer 

15 in the period required to remove the non- 
polymerized or non-crosslinked portions. 
Methyl, ethyl, ketone, benzene, toluene, xylene, 
carbon tetruchloride, - tricMorocthanev tri- 
chloroethylenc, metnyJchlorofonn, tetrachlotro- 

20 ethylene as well as those compounds or mix- 
tures listed in the Examples arc particularly 
useful solvents. Best results are sometimes ob- 
tained when the solvent is warm, eg., 
30 — 50°C. or when the solvent is used in a 

25 mixture with a non-solvent, eg., trichloro- 
ethylene with ethanot Incorporation of such 
noiirsolvents reduces swelling of the msolu- 
bilized image. 

In the development step where the relief 

30 is formed, the solvent may be applied in any 
convenient manner, as by pouring, immersion^ 
spraying, or roller appiicariOEa. Brushing aids 
in tie removal of the unpolymerized or un- 
crosslinked portion of the composition. 

35 The printing reliefs made in accotdan.ee 
with this invention can be. used in all classes 
of printing but are most applicable to those 
classes of printing wherein; a dfetmct {difference 
of height between printing and non-pimting 

40 areas is required and particularly to the fiexo>- 
graphic printing class wherein, a resilimt print 
area is required^ e.g., for printing on. deform- 
able sprinting surfaces; These classes inciudie 
these. wherein the ink is carried. by the raised 

45 portion of the the relief such as in dry-offset 
printing, ordinary letterpress printing, the 
latter requiring greater height differences; be- 
tween printing and non-printing areas, and 
Those wherein the ink is carried by the re- 

50 cessed portions of the relief such as in intaglio 
printing, e.g., line and inverted halftone. The 
plates are also useful for multicolor printing. 

The photosensitive compositions of this in- 
vention arc also useful in the . preparation of 

55 photoresists for . etching, gravure; planograph 
plates, and screens, for "silk screen" printing 
or as stencils. The compositions can be coated 
onto printing cylinders, eg., plastic or metal 
cylinders, or attached thereon as photosensi- 

60 tive elastomeric layers. 

The photosensitive compositions are suit- 
able for other purposes, in addition to the 
printing uses described , above, in which 
readily insolubilized, solid, addition poly- 

65 merizable compositions are useful, eg. for 



making ornamental plaques or for producing 
ornamental effects; for making patterns for 
automatic engraving machines;,; foundry molds, 
cutting, and stamping dyes; for name, stamps; 
for relief maps; for gaskets; as rapid cure coat- 70 
iags> eg., on film base, on rollers, inside tanks; 
in .the preparation of printed drcuiTs; for 
affixing, phosphors to surfaces to provide color 
television, screens; and in the preparation of 
other plastic or elastomeric articles. 75 
The invention will be further illustrated by 

• the fallowing examples. 

EXAMPLE I. 
A photosensitive, thermoplastic, elasro- 
■■ meric solid, sheer was prepared by the follow- 80 
ing procedure; a solution of 0.0467 g 2- 
ethyJamhraquinone and 0.0924 g p - methoxy- 
phenol in a small amount of tetrahydrofuran 
was added to 4*53 g trimethylodpropane ni- 
acrylate. This mixture was added to & cydo- S5 
hexane solution (140 ml) of 30.16 g poly- 
styrene - polybutadiene - polystyrene block 
copolymer (MW^ 76,000) and 0.O6 g 2,6- 
•di - tert - butyl - 4 - methylphenol and was 
then heated to 60° C audi stirred vigorously 90 
for twt> hours* (The polybutadiene block 
'having a glass transition temperature about 
minus 85 °C comprises 69% by weight of the 
block copolymer which has a solution vis- 
cosity of 4000 cps (measured as a 25% "by 95 
weight toluene solution with, a Brookfield 
Viscometer Model LVF using spindle 
number 3 at 6 rpm with scale factor of 200), 
a specific gravity of 0.95 and 800% elonga- 
tion (obtained for -films cast from 25% by 100 
weight toluene solution), the polystyrene 

• blocks have glass transition temperatures of 
approximately lOO^C.) The resulting homo- 
geneous solution was degassed in an oven at 
70?C for several hours until a porous rubber 105 
foam remained. This solid was further de- 
gassed under vacuum at 60?C overnight and 
then molded into a 0.030 inch thick clear 
layer 'between two sheens of 0.002 inch, un- 
coated, -biaxially oriented, heat sett, polyethy- 110 
ienc terephthalate film in a platen: press at 
110°C using 0.033 inch spacers by applying 

16 psi pressure for several minutes. After 
stripping off the polyester cover sheet half 
the layer was exposed for 40 minutes to actinic 1 15 
radiation from a bank of four parallel 15 W 
Generai -Electric Blacklight lamps (F15T8- 
BtB) (lamp, centers 1 ; 5 inches apart) at a 
distance of 3 inches. When subsequently im- 
mersed in tetrabydsrotfuran overmght, the ex- 120 
•posed half of the layer swelled slightly in con- 
trast to the unexposed half which dissolved) m 
tetrahydYofuran within a few minutes. 

EXAMPLE II. 
A 0.064 inch - thick photosensitive elasto- 125 
meric sheet was prepared- as in Example I with 
the use of suitable 'spacers on the platen press. 
After removing die polyester cover sheet the 
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photosensitive sheet was conditioned under 
nitrogen gas for two days and was then image- 
wise exposed for 20 min. through an image 
bearing transparency to actinic radiation as 

5 described in Example I. The sheet was then 
washed in tctrahydrofuran for 2.25 minutes 
producing a deep relief imaigc which was sub- 
sequently dried, conditioned with nitrogen 
gas and post-exposed to actinic radiation 

10 using a radiation source as described in Ex- 
ample I for 2.5 hours. The relief resembled 
a molded vulcanized rubber relief. 

EXAMPLE III. 
A solution of 30.01 g polystyrene - poly- 

15 butadiene - polystyrene block copolymer of 
Example I, 4.02 g 1,4 - butanedtol diacrylate, 
0.0448 g 2 - ethylanthraquinone, 0.06 g 2,6- 
di - tert. - butyl - 4 - mathylphcnoii and 0.087 
g p - methoxyphenol in 40. ml cyciohexane 
20 was prepared as in Example I and then sol- 
vent was removed by heating the solution to 
70° under vacuum. After drying the same at 
60°C. under vacuum overnight it was molded 
between two sheets of 0.002 inch, biaxialiy 

25 oriented, heat set, polyethylene terephthalate 
film at 110°C. and 16 psi for 15 minutes in 
a platen press using suitable spacers to give 
. a 0.064 inch thick sheet After removing the 
polyester cover sheet the sample was condi- 

30 tioned in nitrogen gas 4 hours, image-wise 
exposed for 16 min. through an image bear- 
ing transparency to actinic radiation as in 
Example II and subsequently washed, in tetra- 
hydrofuran for 1 minute. The resulting elasto- 

35 meric deep relief plate was further conditioned 
in nitrogen gas for two days and then post- 
exposed to actinic radiation as in Example 
II. When the surface of this elastomeric relief 
inked with an alcohol based ink was pressed: 

40 to a paper sheet a printed image resulted 
which faithfully reproduced a negative of the 
original image transparency. 

EXAMPLE IV. 
A photosensitive, thermoplastic, elastomeric 

45 solid sheet was prepared from 156.3 g poly- 
styrene - polyisoprene - polystyrene block co- 
polymer (MW— 100,000), 23.4 g trimethylol- 
propane trimethacrylate, 0.216 g 2 - ethylan- 
thraquinone, 0.12 g p - methaxyphenol, and 

50 0.313 g 2.6 - di - tert - butyl - 4 - methyl- 
phenol using procedures as in Example III. 
(The polyisoprene block has a glass transition 
temperature about minus 72° C. and com- 
prises 85% by weight of the block copolymer 

55 which has a solution viscosity of 1 600 
(measured as in Example I); a specific 
gravity of 0.93; a hardness of 37 as deter- 
mined with a Shore Type A Durometer, (a 
product of the Shore Instrument and Mfg. 

60 Co., Inc.) and hereinafter expressed as "Shore 
A hardness of"; and 1300% elongation (for 
film cast from 25% by weight toluene soh> 
tion).) One of the polyester cover films was 



stripped off and the sample conditioned for 
one day in nitrogen gas. It was image-wise ex- 65 
posed for 25 minutes through an image bear- 
ing transparency placed in contact with the 
photosensitive surface using the radiation 
source described in Example I. The exposed 
surface was spray washed with methyl chloro- 70 
form for 4.5 minutes. The sheet with the 
relief was then post-exposed through the poly- 
ester base for 50 minutes to the same radiation 
source producing a highly resilient relief firmly 
adhered to the polyester support. 75 

EXAMPLE V. 
A photosensitive,, thermoplastic, elastomeric 
sheet was prepared by dissolving 3.5 g ben- 
zoin methyl ether in 35 g hexam ethylene 
glycol diacrylate. The solution was added to 80 
659.9 g polystyrene - polyisoprene - poly- 
styrene block copolymer (described in Ex- 
ample IV) and 1.6 g 2,6 - di - tert - butyl- 

4 - methylphenol in a 1 gallon barde and the 
components were mixed by manual shaking. 85 
Five batches of the mixture ware fed con- 
tinuously into a 20 X 1 inch single screw 
extruder (KilHon, model #K10O). The mix 
was extruded at 170°C and 42 rpm for about 

5 minutes (—'3.0 kg per hour) and came out 90 
through a 4 X 0.030 inch sheeting die and 
was quenched on a water chilled 1 casting wheel 

to form 4 X 0.040 inch sheet. About 80 g of 
this sheet was hot pressed between two 8 
X 8 inch sheets of 0.002 inch, uncoated, br- 95 
axially oriented and heat set polyethylene 
terephthalate film into a 0.110 inch plate with 
a Pasadena Hydraulic Inc. press at 100°C 
and 20,000 lb. pressure using two 0.110 inch 
spacers. The top polyester sheet was sub- 100 
sequentiy removed and the plate was lamina- 
ted with a 0.00075 inch polyethylene film 
using a rubber squee-gee. The plate's poly- 
ethylene side was covered with an image bear- 
ing transparency and placed in a vacuum 105 
frame. The place was then image-wise exposed 
for 5 minutes under vacuum with a bank of 
four parallel 40 watt ultraviolet fluorescent 
lamps ("Sylvania", FR48T12 - BL - VHO- 
180 Blacklite — "Sylvania" is a Registered 110 
Trade Mark) in conventional lamp holder at 
a 4 inches distance, Lamp centers were 2 
inches apart and two codling fans were used 
to reduce heat build up. After exposure, the 
polyethylene sheet was removed and the sur- 115 
face of the elastomeric plate was washed with 
a plush brush wet with 3 : 1 methylchloroform 
andi ethanol solvent mixture producing a relief 
image on the plate. The plate was dipped in 
a 2% solution of 2,6 - di - tert - butyl - 4- 120 
methylphenol in 3 : 1 methyichloroform and 
ethanoi solvent mixture. The wet plate was 
post-exposed in air for 10 minutes using the 
same radiation source described above. The 
plate had a Shore A hardness of 45. The 125 
polyester backing sheet was stripped off and 
the plate was mounted! on a 15 inch circum- 
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10 



15 



20 



25 



30 



fcrcnce solid cylinder with double si dad ad- 
hesive tape. The cylinder was mounted in a 
Kidder (Registered Trade Mark) GI press (36 
inch wide) fitted with a 200 line per inch 
"Anilox" (Registered Trade Mark) roll. 
"Polyprint Beckerman Red" #40-0-3478 ink, 
a product of Del Val, Inc., was used Stock 
was 0.00125 inch extruded polyethylene and 
was supplied in rolls of 13 inch diameter and 
each roll yielded approximately 3000 impres- 
sions. The flexographic plate made a press run 
of 195,000 impressions and showed no sign 
of wear. The print quality from this plate is at 
least equivalent no that from a plate made 
conventionally from natural rubber. 

EXAMPLE VI. 
A photosensitive, thermoplastic, elastomeric 
solid sheet was prepared from 1.1 g poly - cr- 
m ethyl styrene - polybutadiene - poly - «- 
methylstyrene block copolymer (MW^ 
1 15,000, 25% poly - « - methylstyrene having 
a glass transition temperature of 175°C)> 0.23 
g hexamethylene glycol diacrylaite, 0.16 g 
naphthenic oil, 0.015 g 2,6 - di - tert - butyl- 
4 - methyl - phenol, 0.0011 g benzoin methyl 
ether using procedures as in Example III. One 
of the polyester cover sheets was removed and 
the photosensitive sheet was laminated with a 
O.00O75 inch polyethylene film. The sample 
was exposed through an image bearing trans- 
parency (placed on the polyethylene cover 
sheet) in a vacuum frame for 25 minutes to 
actinic radiation (described in Example I). 
The polyethylene film was stripped off and 



the exposed elastomeric sheet was developed 35 
by brushing in methylchloroform for 4 
minutes. The samples was then post-exposed* to 
the same radiation source for 30 minutes. The 
resulting elastomeric sheet had a 0.027 inch 
relief image and resembled mold vulcanized 40 
rubber relief. When cemented to a wood block 
the relief could be used with an ink pad as a 
rubber stamp. 

EXAMPLE VII. 

A photosensitive, thermoplastic, elastomeric 45 
sheet was prepared, image-wise exposed and 
processed! as in Example VI except that 1.1 g 
poly - a methylstyrene - polyisoprene - poly- 
* - methylstyrene (MW— 82,000, 30% poly- 
a - methylstyrene) was used instead of poly- 50 
a - methylstyrene - polybutadiene - poly - 
methylstyrene. The elastomeric relief produced 
was 0.030 inches and could be used as a 
rubber stamp to print on paper or other stock. 

EXAMPLE JVIII. 55 

Fourteen thermoplastic elastomeric sheets 
were prepared from polystyrene-polyisoprene- 
polystyrene block copolymer (described in Ex- 
ample IV and designated SLS); the antioxi- 
dant, 2,6 - di - tert - butyl - 4 - methylphenol, 60 
designated AO; either one of the two poly- 
merization initi aitcrs activatable by actinic 
radiation, 2 - ethyl anthraquinone, designated 
PI— 1, and benzoin methyl ether, designated 
PI — 2; and one of the ethylenicaHy un- 65 
saturated compounds listed in die following 
table and in the amount designaitedi: 



Sheet 


Grams Used 


Ethylenically Unsaturated Compound 


1 


36.7 


hexamethylene glycol dirnethacrylate 


2 


36.7 


2,2,4-trimethyl-l,3-pentanediol dirnethacrylate 


3 


11.8 


decamethylene glycol diacrylate 


4 


36.7 


diallylfumarate 


5 


36.7 


1,3,5-triisopropenyl benzene 


6 


3.5 


2^-di(p-hydroxyphenyl)-propane 
dirnethacrylate 


7 


5.6 


polyoxyethyl-2,2-di(p-hydroxyphenyl) propane 
dirnethacrylate 


8 


5.0 


t-butyl acrylate 


9 


5.0 


N,N-diethylaminoethyl acrylate 


10 


3.8 


1,4-butanediol dirnethacrylate 


11 


15.0 


l-phenylethylene-l,2-dimethacrylate 


12 


15.0 


styrene 


13 


15.0 


1,4-diisopropenyl benzene 


14 


10.0 


2,2-di(p-hydroxyphenyl)-propane diacrylate 



, 1,366,76$ 

The grams of the other components used in each sheet are tabulated in the following 
table: 
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15 



20 



25 



Sheet 


SIS 


AO 


nr 1 


PI-2 


1 


199.5 


0.5 


U.o 


u 


2 


199.5 


0.5 


0.6 


0 


3 


223.4 


0.6 


0.59 


0 


4 


199.5 


0.5 


0.6 


0 


5 


199.5 


0.5 


0.6 


0 


6 


29.92 


0.08 


0.06 


0 


7 


49.27 


0.13 


0.14 


0 


8 


44.89 


0.11 


0.09 


0 


9 


44.89 


0.11 


0.09 


0 


10 


59.75 


0.25 


0.12 


0 


11 


• 84.79 


0.21 


0 


0.5 


12 


84.79 


0.21 


0 


0.5 


13 


84.79 


0.21 


0 


0.5 


14 


188.15 


0.5 


0 


0.8 



Sheets 6 through 10 were prepared as in 
Example IV and the other sheets were pre- 
pared as in Example XVII. using the radia- 
tion source of Example I each of the sheets 
was image-wise exposed for about 45 minutes 
to actinic radiation and then spray-washed 
for 4 minutes with a' 7 : 3 solvent mixture of 
methyl ethyl ketone and methylcMoroform. 
Each resulting elastomeric printing relief re- 
sembled conventional natural rubber flexo- 
graphic printing plates in their durability and 
the quality of the printed stock. 



EXAMPLE IX. 
Seven thermoplastic elastomeric sheets were 
prepared from polystyrene-polyisoprene- 
polystyrene block copolymer, (described m 
Example IV and designated SIS); the anti- 
oxidant, 2,6 - di - tert - butyl - 4 - methyl- 
phenol, designated AO; either one of the two 
ethyfenically unsaturated compounds, hexa- 
methyieneglycol diacryiate, designated HD, 
and trimethyiolpropane mmerhacrylate, 
designated TT; and' one of the polymeriza- 
tion initiators listed in the following tabic. 
Also included in the table are the number of 
grams of each component used in the sheets. 



30 



35 



40 



Sheet 


Initiator 


SIS 


AO 


HD 


TT 


1 


0 . 70 g benzophenone 
0 . 01 g 4,4'-bis(dunethylamino)- 
benzophenone 


50.01 


0.13 


9.5 


0 


2 


0 . 5 g benzoin methyl ether 
0 . 5 g trimethylphosphine 


93.17 


0.23 


5.0 


0 


3 


0 . 5 g a-tert-butyl benzoin 


94.26 


0.24 


5.0 


0 


4 


0.92 g 2-tcrt-butyl anthraquinone 


299.25 


0.75 


0 


55.02 


5 


1. 20 g benzoin 


105.14 


0.26 


6.0 


0 


6 


0 . 5 g benzoin acetate 


94.26 


0.24 


5.0 


0 


7 


0.8gbenzil 


112.92 


0.28 


6.0 


0 



45 



50 



The first sheet was prepared as in Example 
IV and the others as in Example XVII. As 
in Example IV each of the seven sheets was 
image-wise exposed to actinic radiation, pro- 
cessed to produce a relief image. Each re- 
sulting elastomeric printing relief produced 
image quality comparable to that of conven- 
tionally molded natural rubber plates and for 
sheet "3" the print quality was superior to the 



others and required less exposure to insoiu- 
bilize the exposed areas. 55 

EXAMPLE X. 
A polystyrene - polybutadiene - polystyrene 
block copolymer (MW 100,000, wherein the 
polybutadiene block, of which about 40% by 
weight is formed by 1,2 addition-polymeriza- 60 
tion and about 60% by 1,4 addition-polymeri- 
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zaricn, comprises 75% by weight of the block 
copolymer) was hydrogenated as taught in 
Jones U.S. P. 3,431,323. The podybutadiene 
block was more than 95% hy drogpiaited 

5 whereas the polystyrene blocks were less tha™ 
10% hydrogen atad. 80 g of the hydrogenated 
block copolymer, 8.0 g hexamethylene glycol 
diacryiate, 0.2 g 2 - ethylanthraqiunoiie, 0.8 
g 2,6 - di - tert - butyl - 4 - methylphenol, 

10 and 0.4 g p - methoxyphenol were roill-miJled 
for 20 minutes at 155 °C and then pressed, 
into a plate at 140 — 150° C. as m Example 
V, into a 0.110 inch thick sheet except that 
one of the cover sheets used was a 0.004 inch 

15 resin coated polyethylene terephtthalate film 
described in Example IV of AHes, U.S. P. 
2,779,684. The plate was image- wise exposed 
for 20 minutes as in Example V. The un- 
coated polyethylene terephthalate cover film 

20 was then stripped off and the plate was de- 
veloped by spray washing with toluene for 
L5 minutes producing a relief image. The de- 
veloped plate was dried and then post-exposed 
to actinic radiation described) in Example V 

25 through the resin coated support for 30 
minutes producing a supported elastomeric 
relief image useful for flexographic printing 
and with greater resistance to oxidative attack 
than conventionally prepared natural rubber 

30 printing plates. 

EXAMPLE XI. 
A photosensitive, thermoplastic, elastsomeric 
sheet was prepared as in Example X except 
that the block copolymer was essentially com- 

35 pletely hydrogenated- removing both the buta- 
diene as well as the styrene im saturation. A 
second photosensitive thermoplastic elasto- 
meric sheet was similarly prepared with 110 g 
of the above hydrogenated block copolymer, 

40 g g trimethylolpropane tximethacrylate, 0.2 g 
2 - ethylanthraquinone, 1.1 g 2,6 - di - tert- 
butyl - 4 - methylphenol, and 0.40 g p- 
methoxyphenoL An elastomeric relief plate 
firmly adhered to the coated polyethylene 

45 terephthalate support was produced from each 
of the two photosensitive sheets when image- 
wise exposed and. processed as in Example X; 
Compared to conventionally prepared natural 
rubber plates, the above elastomeric printing 

50 plates could be used longer for flexographic 
printing before ozone audi oxidative attack of 
the plates interfered with print quality. 

EXAMPLE XII. 
80 g of the partially hydrogenated block 

55 copolymer described in Example X, 12 g 
trimethylolpropane triacrylate, 0.8 g benzoin 
methyl ether, and 0.8 g 2,6 - di - text - birtyi- 
4 - methylphenol were rofll-milled at 155 °C 
until homogeneously mixed. The mixture was 

60 then hot pressed, into a 0.110 inch, sheet be- 
tween two 0.002 inch, uncoated, biaxially 
oriented, heat set polyethylene terephthalate 



film as in Example V. A second photosensitive, 
thermoplastic, elastomeric sheet was prepared 
as above except that 80 g of the fully hydro- 65 
genated block copolymer described in Ex- 
ample XI was substituted fox the above par- 
tially hydrogenated block copolymer. After 
one of the polyester cover sheets was replaced 
with a polyethylene film each sample was 70 
image-wise exposed for 30 minutes as in Ex- 
ample V. The polyethylene film was stripped 
off and each sample was spray washed with 
toluene for 2 minutes producing an eLasu> 
meric relief which upon drying andi sub- 75 
sequent post-exposure to the same radiation 
as above for 10 minutes was used' as a print- 
ing plate for printing on polyethylene stock 
The resistance of both printing plates to ozone 
attack was substantially better than similar 80 
printing plates produced conventionally from 
natural rubber. 



EXAMPLE XIIL 
Photosensitive, thermoplastic, elastomeric 
sheet was prepared by the following pro- 85 
cedure: 2166. g polystyrene - polyisoprenes 
poiystyrene block copolymer (described in 
Example IV), 180 g hexamethylene glycol 
diacryiate, 22.5 g benzoin methyl ether, 5.4 
g 2,6 - di - ten - butyl - 4 - methylphenol, 90 
240 g naphthenxc oil, 360 g a - methylsryrene- 
vinyholuene copolymer (melt viscosity at 
160°C is about 10 poises), and 30 g micro- 
crystalline wax were mixed as in Example [V 
and the mixture fed through a melt exmruder. 95 
The material was extruded at about 115°C. 
through a 6 inch wide die. The extrudate was 
quenched in cold water for about 10 minutes. 
It was subsequently p re-heated to 85 °C. and 
then calendered at about 110°C. between two 100 
polyester sheets in a four rod! laboratory 
calender to give an elastomeric photosensitive 
layer 0.11 inch thick. One of the polyester 
sheets was 0.002 inch, uncoated, biaxially 
oriented!, heat set polyethylene terephthalate; 105 
the other sheet was 0.004 inch, biaxially 
oriented, heat relaxed, polyethylene tereph- 
thalate coated with a thin resin coating as in 
Example X. The 0.002 inch polyester cover 
sheet was replaced with a 0.0005 inch thick 110 
polypropylene film and the sample was ex- 
posed for 20 minutes as in Example V through 
a transparency bearing the negative image of 
a gasket. With the polypropylene cover film 
removed, the sample's elastomeric surface 115 
was washed with a brush wet with a 3 : 1 mix- 
ture of trichloroethyiene and ethanoi The 
sample was then dried, post-exposed to the 
same actinic radiation as above for 10 minutes 
and the remaining polyester support stripped! 120 
away. The resulting elastomeric gasket was 
0.105 inches thick with a Shore A hardness 
of 45. It closely resembled a positive of ithe 
original transparency and could be compressed 
or stretched without permanent deformation. 125 



11 



1,366,769 



11 



A second complicated gasket was similarly 
produced from a transparency bearing the 
negative image of an irregular honeycomb. 

EXAMPLE XIV. 
5 A photosensitive element useful in pre- 
paring deep relief letterpress priming plates 
was prepared as follows: 

A" primed support, using tin-plated steel 16 
inches wide and 0.0063 inches thick was pre, 
10 pared as described in Example III of Ger- 
man Patent 1,959,716. 

An adhesive composition was composed, of 
(A) 100 grams of a solution of 18% solids 
in a mixed solvent consisting of dioxane, 
15 toluene and cyclohexanone (30/46/2), the 
solids consisting of a copolyester prepared 
from a reaction mixture of an excess of ethy- 
lene glycol and dimethyl terephthalatE, di- 
methyl isophthalate, dimediyl sebacate and 
20 dimethyl adipate in a molar ratio of the latter 
four reactants of 4:4:1:1 respectively, (B) 
3.33 grams of the polydsocyanate solution des- 
cribed in Example I of German Patent 
1,959,716, and (C) 11.25 grams of a solution 
25 of 20% solids in a mixed solvent consisting 
of methyl ethyl ketone and dioxane (1/1 ), the 
solids consisting of the epoxy resin described 
in Example I of German Patent 1,959,716. 
This adhesive composition was coated on 
30 the primed, tin-plated steel support forming 
an adhesive composition layer about 0.0015 
inch thick. The adhesive composition was 
dried and cured by heating for 1 minute at 
230° C, resulting in an adhesive layer about 
35 0.0003 inch thick. 

A barrier solution was composed of (A) 
100 grams of a solution of 20% solids in a 
mixed solvent consisting of methyl ethyl 
ketone and methyl cellosolve (7/3), the solids 
40 consisting of a photopolymerizable composi- 
tion prepared in a manner similar to that dis- 
closed in Example I of U.S. Patent 3,012,952 
and (B) 1.60 grams of benzoyl peroxide (ther- 
mal initiator). 
45 The barrier composition was coated on die 
adhesive coated support forming a^ barrier 
composition layer about 0.005 inch thick. The 
barrier composition was dried and cured; by 
heating for 1 minute aft 230°C, resulting in 
50 a partly polymerized barrier layer about 0.001 
inch thick. 

A photosensitive thermoplastic elastomeric 
layer was prepared as in Example III from 
the following components : 61 . 69 g poly- 
55 sty rem e - polybutadiene - polystyrene block 



copolymer (Example I), 16.0 g 1,4 - butanediol 
diacrylate, 0.20 g 2 - ethyianthraquinonc, 0.25 
g p-memoxyphenol and 0.15 g 2,6 - di- 
tert - butyl - 4 - methylphenol. This layer 
was laminated to the coated, tin-planed steel 60 
support described above by heat pressing at 
230° C between the support and an uncoated 
polyester cover sheet for 25 minutes using 
0.03 inch spacers. After the polyester cover 
sheet was removed the photosensitive sheet was 65 
image-wise exposed as in Example II 
for 25 minutes and then was spray 
washed with teti^ydrofuran for 4—5 
minutes. The resulting relief was .028 inches 
deep and, after post-exposure, as in Example 70 
II had a Shore D hardness of 43. The relief 
image was resilient, elastic and free from 
brittleness and the letterpress printing plate 
could be bent through an angle of 180° with- 
out the relief cracking. The plate was placed 75 
on a printing cylinder 4. inches in diameter, 
inked and used for printing. Satisfactory 
printed reproductions of the negative of the 
image transparency were obtained. 

EXAMPLE XV. 80 
A photosensitive, thermoplastic elastomeric 
sample was prepared 1 from the following com- 
ponents using die procedures in Example III : 
50. g polystyrene - polyisoprene - polystyrene 
block copolymer, (described in Example IV), 85 
2.8 g polyoxypropyl trimethylolproparie tri- 
acrylate (MW 462), and 0.21 g benzoin- methyl 
ether. The sample was pressed into a 0.040 
inch sheet as in Example III except that one 
polyester cover sheet was replaced with an 90 
uncoated 0.002 inch polyimide film prepared 
as in Example 19 of U.S.P. 3,179,634. The 
polyester cover sheet was removed and (the 
sample was image-wise exposed as in Example 
IV for 15 minutes in a reduced pressure of 95 
nitrogen gas. The sheet was then spray-washed 
3.5 minutes with a 7:3 solvent mixture of 
ethylacetate and methylcMoroform. The 
elastomeric relief when used as in Example 
III faithfully reproduced a negative of the 100 
original image transparency. 

EXAMPLE XVI. 
Five samples each weighing 120 g were 
prepared, exposed and processed' as in Ex- 
ample XVII, except that each contained 5% 105 
by weight hexamethyleneglycol! diacrylate, 
0.5% by weight benzoin methyl ether, 0.2% 
by weight 2,6 - di - text - butyl - 4 - methyl- 
phenol and one of the following components: 
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Sheet 



% By Weight Component 



1 


0.3 


l,3 > 5-tiiiiiethyl-2 3 4 J 6^tris{3 3 5-di-tert-butyl-4- 
hydroxybenzyl)benzene 


2 


0.3 


2-(4-hydroxy-3 > 5-tert-butylaniline)-4 J 6-bis- 
(n-octylthio)-l^^-triazine 


3 


1.5 


1, l,3j3-tetramethyl-2-thiourea 


4 


10.0 


linseed oil . . . 


5 


15.0 


a-methylstyrenc vinyl toluene copolymer 
(melt viscosity 140 °C 35 poise) 



10 



15 



20 



25 



30 



40 



45 



When compared to the photosensitive sheet in 
Example XfVII, Sheets 1 and 2 were less 
sensitive to the presence of oxygen. Similarly 
printing reliefs prepared from Sheets 3, 4 and 
5 were less susceptible to defects caused by 
ozone attack, cracking with age and flexing. 

EXAMPLE XVII. 
A photosensitive, thermoplastic elastomeric 
layer was prepared from 180.3 g polystyrene- 
polyisoprcne - polystyrene block copolymer 
(described in Example IV), 10.0 g hexamethy- 
lene glycol diacrylate, 1.0 g benzoin methyi 
ether, 0.45 g 2,6 - di - tert - butyl - 4- 
methylphenolj 0.6 g 2^ • methylene - bis- 
(4 - methyl - 6 - tcrt - butylphenol), 0.6 g 
dilaurylthiodipropionaite, 5.0 g 3 - cyclo- 
hexenylrdaie methylbenzyl ether, anti 2 g 
microcrystailine wax. The ingredients were 
roll milled at 120°C in a 6 X 12 rubber mill 
and then the mixture was pressed into sheet 
and subsequently image-wise exposed for 10 
minutes as in Example V. The exposed sur- 
face was spray washed 4 minutes with a 7: 3 
ethylacctate : merhylchloToform solvent mix- 
ture, was dried and then post-exposed 10 
minutes. The elastomeric relief after six 
months storage had no indications of cracking 
due to ozone attack. Similarly a relief made 
the same way and elongated by 25% by loop- 
ing had no apparent ozone damage after 7 
days. Both reliefs when mounted on a press 
and inked produced satisfactory printed 
images. 

EXAMPLE XVIII. 
A photosensitive, thermoplastic elastomeric 
layer between polyester cover sheets was pre- 
pared- as in Example XVII using the follow- 
ing components: 232.42 g polystyrene- 
polyisoprene - polystyrene block copolymer 
(described in Example IV), 2.36 g hexamathy- 
lene glycol diacrylate, 0.59 g 2 - ethylanthra- 
quinone and 0.58 g 2,6 - di - tert - butyl - 4- 
mcthylphenol. After image-wise exposure 
as in Example III for 25 minutes the exposed 
surface was spray washed with a 3 : 2 solvent 
mixture of 2 - butanone and methylchloro- 



form. The sample was dried and post-exposed 
for 45 minutes to actinic radiation as described 
in Example II producing an elastomeric relief SO 
0.024 inch deep and with a Shore A hardness 
of 43. An elastomeric relief 0.250 inches thick 
was similarly prepared and when used as a 
flexographic printing plate using corrugated 
paper stock produced print quality at least 55 
comparable to that produced from a conven- 
tional rubber plate. 

EXAMPLE XIX. 
A photosensitive layer was prepared) using 
The following components: 30.04 g poly- 60 
styrene - polybutadiene - polystyrene block 
copolymer (described in Example I), 100 ml 
cyclohexane, 7.46 g triethyleneglycol diacry- 
late, 0.0711 g 2 - emyianthraquinone, 0.0872 
g p-methoxyphenol, and 0.06 g 2,6 - di- 65 
tert - butyl - 4 - methylphenoi The block 
copolymer and 2,6 - di - tert - butyl - 4- 
methylphenol were refluxed in cyclohexane 
until a viscous solution formed after which the 
other components were added in cyclohexane 70 
solution. The mixture was heated andi stirred 
until a clear solution was formed. The solu- 
tion was then heated! in vacuum at 70°C. to 
remove the solvent. The resulting material was 
pressed between two sheets of aluminum foil 75 
into a 0.030 inch elastomeric sheet as in 
Example I and similarly exposed. A trans- 
parent film resulted which was harder than 
the unexposed film and did not dissolve when 
immersed in tetrahydrofuran for 16 hours. 80 

EXAMPLE XX. 
A solution of 22.79 g polystyrene - poly- 
isoprene - polystyrene block copolymer (des- 
cribed in Example IV), 20.00 g 2,2 - di- 
methylol propane diacryia/te, 0.50 g benzo- 85 
phenone, 0.15 g 4,4' - bis - (dimeth^amino)- 
benzophenone, 0.06 g 2,6 - di - tert - butyl- 
4 - methylphenoi 1.5 g naphthenic oil and 5 
g pentaerythritol ester of hydrogenated rosin 
in 100 ml methylchloroform was prepared and 90 
coated on a 0.004 inch film of polytetrafluoro- 
ethylcne using a 0.006 inch doctor knife. After 
drying, the photosensitive layer was laminated 
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to the copper surface of a copper clad epoxy 
fiber glass board by heat pressing at 105 °C 
The polyitetrafluoToethylene cover sheet was 
stripped off and replaced with a 0.001 inch 

5 polypropylene film and image-wise exposed 
for 5 minutes as in Example V. The cover 
sheet was discarded and the exposed surface 
was brushed for 3.5 minutes with a 3:7 
methylchloToform:ethylacetate solvent mix- 

10 ture and the plate was immersed in agitated 
ferric chloride solution at 40°C. Areas corres- 
ponding to the unexposed portions of the layer 
were etched away and the remaining exposed 
layer was removed with trichlorocthylene 

15 forming a negative copper image of the 
original transparency. 

EXAMPLE XXI. 
A photosensitive layer laminated to a 
copper-clad epoxy fiber glass board with a 

20 polypropylene cover sheet was prepared as in 
Example XX. The photosensitive layer was 
exposed through a transparency bearing the 
image of a printed circuit for 5 minutes using 
a nuArc Plate Maker of the flip-top type using 

25 a Xenon Arc source, Model No. FT-261 
manufactured by the nuArc Co., Inc., Chicago* 
Illinois. The unexposed portions of the Layer 
were then removed as in Example XX forming 
a negative resist image of the printed circuit. 

30 The resist board was rinsed with water then 
dipped in 25% sulfuric acid for 20 seconds, 
followed by a water rinse, and then a rinse in 
25% ammonium persulfate solution for 25 
seconds. The board was rinsed once again in 

35 water and then dipped in 25% sulfuric acid 
for 20 seconds and finally rinsed with distilled 
water. 

The resist copper board was placed in a 
copper pyrophosphate plating bath of the 
40 following composition: 



45 



Copper (Cu* 2 ) 
Pyrophosphate (P t O r -*) 
Nitrate (NOa" 1 ) 
Ammonia (NH 3 ) 
Orthophosphate (HP0 4 - 2 ) 



30 g/1 
200 g/1 
8 g/1 
2 g/1 
0.1 g/1 



This bath was held at pH 8.2, and 122°F. 
The weight ratio of pyrophosphate to copper 
was 7.5. The bath was operated at 1.5 vote 
with a cathode current density of 30 amperes/ 

50 sq. ft. Copper was deposited in an electro- 
plating bath for 15 minutes on the unprotected 
non-resist areas of the imaged copper-clad 
board after which it was removed from the 
bath and dried in air. 

55 The electrolyticaUy-depositsd copper of -the 
resist board was then plated over with gold 
and then the resist was stripped off using 
methylene chloride. The board was etched 
in 45° Baume ferric chloride and formed a 

60 pattern plated printed circuit board. 



EXAMPLE XXIL 
A solution of 12.55 g polystyrene - poly- 
isoprene - polystyrene block copolymer (des- 
cribed in Example IV), 9.0 g hexamemylene 
glycol diacrylate, 0.30 g bis - (2 - o - cMoro- 65 
phenyl - 4,5 - diphenyi&iirfazoiyl), 0.15 g tris- 
(2 - methyl - 4 - diethylamino - phenyl)- 
m ethane, 0.50 g naphthenic oil and 2.50 g 
pentaerythritol ester of hydrogenated iron 
in 75 ml trichlorocthylene was prepared and 70 
coated on a plate of noa-treaitedi, brush grained 
aluminum using a 0.002 inch doctor knife. 
After drying, the photosensitive surface was 
laminated with 0.001 inch polypropylene film 
using a squeegee and then image-wise exposed 75 
for 2 minutes as in Example V. The poly- 
propylene film was sn i pp e d off and the ex- 
posed layer was brush-developed for 2.5 
minutes as in Example XX. The aluminum 
plate with the developed image was gummed 80 
with gum arabic and the imaged surface was 
wetted with water and applied with standard 
oleophilic pianographic ink. Areas correspond- 
ing to the unexposed regions of the plate did 
not retain ink whereas areas corresponding to 85 
the exposed regions of the plate did. The inked 
image when pressed to paper stock produced 
a negative printed image of the original trans- 
parency. 

EXAMPLE XXIII. 90 
A 0.250 inch photosensitive thermoplastic 
eiastomeric layer was prepared, exposed, and 
processed as in Example XVIII, except that 
prior to exposure both polyester cover sheets 
were removed The photosensitive, self 95 
supporting eiastomeric layer couM be stretched 
and manipulated around a cylinder or other 
such objects. Upon image-wise exposure and 
solvent-washing, a 0.250 inch thick eiastomeric 
layer with a 0.024 inch deep relief was ob- 100 
t^ in^A which, as in Example XVIII, produced 
print quality at least comparable to tiiat pro- 
duced from a conventional rubber plate. 

EXAMPLE XXIV. 
A polyamide-coated polyester cover film 105 
was prepared by coating a solution of 5 g of 
an alcohol-soluble polyamide resin in 100 ml 
of 1:1 solvent mixture of methanol and 
chloroform on a 0.002 inch uncoated 
biaxialiy oriented, beat set, polyethylene 110 
terephthalate film using a 0.006 inch doctor 
knife. (The polyamide resin, "Elvamide" 8061, 
a product of E. I. du Pont de Nemours and 
Company, is colorless, transparent, has a melt- 
ing point of 300^-320°F., a specific gravity 115 
of 1.08 at 73 °F. and in a 10% methanol solu- 
tion at 77°F. has a Brookfield viscosity of 
30 cp. — "Elvamide" is a Registered Trade 
Mark). The coating dried to a 0.00015 inch 
thick smooth, hard, flexible film. l zo 

A 0.110 inch thick photosensitive, thermo- 
plastic eiastomeric sheet between polyester 
cover sheets was prepared ss in Example XV 
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except that one of the polyester cover sheets 
was coated with -a polyamide film as described 
above which was laminated) to> the photosensi- 
tive surface. The resulting sample couM be 
5 manipulated with no detrimental effect to the 
photosensitive layer. The polyester cover sheet 
was stripped from the polyamide surface which 
adhered to the photosensitive layer. The hard, 
flexible smooth pplyamide surface was covered 

1 0 with an image-bearing transparency. The 
position, of the transparency in -close contact 
with the polyarmde surface could be easily 
adjusted. The photosensitive layer was image- 
wise exposed' through the -polyamide film and 

15 transparency for 5 minutes as in Example V. 
The plate was brushed for 3 minutes with a 
3 : 1 solvent mixture of mcMoroethylene and 
methanol to produce a relief image and re- 
move the polyamide film. When, dry, the relief 

20 image was post-exposed as in Example V and 
when used as a printing relief produced print 
images which faithfully reproduced a negative 
of the image transparency. 

EXAMPLE XXV. 
25 A. photosensitive, mermoplaisrtic, elastomeric 
layer containing 70.25 parts by weight of poly- 
styrene - polyisoprene - polystyrene -block co- 
polymer, 5.0 parts hexamethylenc glycol di- 
acrylate, 0.75 part benzoin methyl ether, 15.0 
30 parts « - methyl stymie - vinyl toluene resin, 
8.0 parts naphthenic mineral oil, 1.0 port 
synthetic ceresin wax, and about 0.12 part 
2,6 - di - ten. - butyl - 4 - methylphenol and 
laminated -on each side with at polyester sheet 
35 was prepared as in Example XIII except that 
the 0.002-inch heat set polyethylene tereph- 
thalate cover sheet was first coated with a 
solvent-soluble, hard* flexible film. The coated 
surface of the cover sheet was then laminated 
40 to the photosensitive layer during the calen- 
dering process as in Example XIII. 

The coared cover sheet was prepared by 
coating a solution of 300 g polyethyiene- 
polyvinyl acetate copolymer ("Elvax" 420, a 
45 product of E. I. d<u< Pont de Nemours and 
Company; 1S% vinyl acetate; melt index of 
125 — 175 g/10 mm-, using the procedure 
ASTM D-1238 — "Elvax" is a Registered 
Trade Mark), 27 g stearic acid in 2 liters 
50 trichloroethyiene oh 0.002 inch, uncoated, bi- 
axially oriented, heat-set, polyethylene tereph- 
thalate film using a 0.006 inch doctor knife 
and then drying at 180°F. 

The photosensitive sample could be mani- 
55 pulated and could be stored for several months 
with no significant change in sensitivity. The 
0.002 inch polyester cover sheet was stripped 
from the polyemylene-palyvmyi acetate co- 
polymer coating which adhered to the surface 
60 of the photosensitive layer. The photosensitive 
sheet was then exposed for 5 minutes to actinic 
radiation through an image-bearing trans- 
parency on the cop olym er-coated surface using 
a "Dyer 1 " (Registered Trade Mark) photo- 



polymer printing' plate rotary exposure unit, 65 
Model 3832 RCL, a product of E. I, du Pont 
de Nemours -audi Company. The hard, flexible 
copolymer-coated surface did nor separate 
from the ; photosensitive layer when the sheet 
was flexed and manipulated and insured tmi- 70 
form -close contact of the transparency to the 
sheet during exposure to actinic radiation. 

The exposed sample was brushed for five 
minutes with 3 : 1 solvent mixture of trichloro- 
ethylene and ethanol to remove the copolymer 75 
coating and unexposed areas of the photosensi- 
tive elastomeric layer. The resulting supported 
relief -plate was dried and post exposed as in 
Example V and when used as a flexographic 
printing plane gave print quality at least 80 
equivalent to that from conventionally made 
rubber plates. 

EXAMPLE XXVI. 

A photosensitive element was prepared as 
in Example XXV and was then exposed 85 
/through the 0.0O4 inch, heat relaxed poly- 
ethylene terephthalate "support sheet to actinic 
radiation from a -parallel' bank of three West- 
inghouse FS 20 fluorescent sun lamps at a 
distance of 1.5 inches for 10 minutes. Then, 90 
as in Example XXIV, the 0.002 inch, heat set 
polyethylene terephthalate cover sheet is 
stripped from the element, which was image- 
wise exposed for 4 minutes, and developed 
to produce a relief image suitable for flexo- 95 
graphic printing. 

The relief produced; from the pre-exposed 
element was improved over the similar relief 
produced in Example XXV in that the depth 
of the developed relief was limited to 0.035 100 
inches, the background areas did! not show 
brush marks and solvent swelling during pro- 
cessing was reduced resulting m shortened 
drying time. Further advantages were that the 
dimensional stability of the phoiSDsensitive 105 
elements prior to imagewise exposure was im- 
proved, thus simplifying storage anidi handling. 
Also for similar reasons the need! tot post- 
expose after imagewise exposure is obviated. 

WHAT WE CLAIM IS:— 110 
1. A photosensitive, elastomeric composi- 
tion comprising 

(1) at least 30% by weight of at least one 
thermoplastic, elastomeric block copolymer 
containing at least two thermoplastic, non- 115 
elastomeric polymer blocks having a glass 
transition temperature above 25 °C. and! be- 
tween the thermoplastic, non-elastomeric 
polymer blocks an elastomeric. polymer block 
having a glass ^transition temperature below 120 
10°C, 

(2) at least 1% by weight of an additioir- 
polymerizabie, ethylemcaUy unsaturated com- 
pound containing at least one terminal ethy- 
lenic group, which compound is compatible 125 
with the copolymer (1), and 1 

(3) a polymerization-effective amount of 
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polymerization initiator aativatable by actinic 
radiation. 

2. A composition according to Claim 1 
wherein the thermoplastic, non-el astomcric 

5 polymer blocks have an average molecular 
weight of 2,000 — 100,000 and the elastomeric 
polymer block has an average molecular 
weight of 25,000 to 1,000,000. 

3. A composition according to Claim 1 or 
10 2 wherein the thermoplastic, non-elastomeric 

polymer blocks are the terminal blocks of the 
copolymer and are connected by the elasto- 
meric polymer block. 

4. A composition according to any one of 
15 Claims 1 to 3 wherein the copolymer is a 

polystyrene - polyisoprene - polystyrene?. 

5. A composition according to any one of 
Claims 1 to 3 wherein the copolymer is a 
polystyrene - polybutadiene - polystyrene 

20 block copolymer. 

6. A composition according to any one of 
the preceding claims wherein: the addirioxi- 
polymerizable, ethylenically unsaturated com- 
pound has a boiling point at normal pressure 

25 over 100°C. 

7. A photosensitive composition according 
to any one of the preceding claims, wherein 
the polymerisation initiator is present in an 
amount of from 0.001 to 10%, by weight, 

30 and is inactive thermally below 85 °C. 

S. A photosensitive composition! according 
to claim 1 substantially as described' in any 
one of the Examples. 

9. A photosensitive element comprising a 
35 support bearing a layer of a photosensitive 

composition as claimed in any one of the pre- 
ceding claims. 

10. A photosensitive element according to 
claim 9, wherein the layer of photosensitive 

40 composition is 0.0005 to 0.250 inch thick. 

11. A photosensitive element according to 
claim 9 or 10, wherein: a flexible cover sheet 
is present on the side of the photosensitive 
layer remote from the support. 

45 12. A photosensitive element according to 
claim 11, wherein a flexible, polymeric film 
is interposed between the cover sheet and the 
surface of the photosensitive layer. 

13. A photosensitive element according ta 
50 claim 12, wherein the cover sheet is polyethy- 
lene terephthalate and the film is a palyamiide. 

14. A photosensitive element according to 
claim 12, wherein the cover sheet is poly- 
ethylene terephthalate and the film is a co- 

55 polymer of ethylene andi vinyl acetate. 

15. A photosensitive element according to 
any one of claims 11 to 14, wherein the cover 
sheet is a strippable sheet. 

16. A photosensitive element according to 
60 claim 9 substantially as described in any one 

of the Examples. 

17. A process for forming an elastomeric 
material 1 by ph atoirradiation which comprises 
exposing a composition as claimed in any one 

65 of claims 1 to 8 to actinic radiation. 



18. A process for farming an elastomeric 
material by photoirradiation which comprises 
exposing an element as claimed in any one 
of claims 9 to 16 to actinic radiation. 

19. A process for forming an elastomeric 70 
material by photoirradiation winch comprises 
nan -iima gewise exposing an element as claimed 

in any one of claims 9 to 16 to actinic radia- 
tion through the support, the support being 
transparent to actinic radiation, arjJi then 75 
imagewise exposing the element to actinic 
radiation. 

20. A process for forming an elastomeric 
reKef image by a process as claimed in claim 

19, wherein the step of imagewise exposing 80 
is followed by removal of areas of the photo- 
sensitive layer which remained unexposed 
during imagewise exposure by treatment with 
a solvent which dissolves the unexposed areas 
but docs not dissolve the exposed areas. 85 

21. A process according to claim 20 sub- 
stantially as described! in Example XXVI. 

22. A process for forming an elastomeric 
image by photoi rradiation which comprises 
exposing imagewise to actinic radiation a layer 90 
of a photosensitive composition as claimed in 
any one of claims 1 to 8 and removing the 
unexposed areas of the layer by treatment with 

a solvent which dissolves the unexposed areas 
but does not dissolve the exposed areas. 95 

23. A process for forming an elastomeric 
printing relief by photoirradiation which com- 
prises imagewise exposing to actinic radtraton 
an element comprising, in order, a sheet sup- 
port, a layer of a photosensitive composition 100 
as claimed in any one of claims 1 tcv 8 and a 
transparent flexible, polymeric film, the 
element being exposed through the flexible 
polymeric film, and removing the flexible 
polymeric film and the unexposed areas of the 105 
photosensitive layer by treatment with a sol- 
vent which dissolves them but which does 

not dissolve the exposed areas of the photo- 
sensitive layer. 

24. A process for forming an elastomeric 110 
printing relief comprising coating a layer of a 
photosensitive composition as claimed in any 

one of claims 1 to 8 on a sheet support, 
laminaiting, in order, a flexible, polymeric 
film and a flexible cover sheet to the layer, 115 
stripping the cover sheet from the film, image - 
wise exposing the layer through the film, add 
removing the film and the unexposed areas of 
the layer by treatment with a solvent which 
dissolves the unexposed areas but docs not dis- 120 
solve the exposed areas. 

25. A process according to claim 23 or 24, 
wherein the printing relief is a flexographic 
printing relief. 

26. A process according to claim 22 sub- 125 
gtantially 33 described in any one of Examples 

II (to XVIII and XX to XXV. 

27. A process according to claim 24 sub- 
stantially as described in Example XXIV or 
XXV. 130 
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28. Elastomeric material when prepared by 

a process as claimed in any one of claims 17 J, A. KEMP & CO., 

to 27. Chartered Patent Agents, 

29. Relief images whenever prepared by a 14 South Square, 
process as claimed in any one of claims 20 to Gray's Inn, London WC1R 5EU. 
27. 
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